Abstract-In the paper, firstly we can know the power control is one of the most important technologies of radio resource management in WCDMA system, secondly the base principle of the outer loop power control is analyzed theoretically, and at the same time, both the utility functionbased power control algorithm and the power control algorithm with the base station assignment are briefly discussed. The two algorithms are connected according to their advantages and disadvantages, a rate assignment algorithm on the downlink for the data transmission is proposed. The optimization goal of the resource allocation strategy is choosing appropriate utility function. The utility function reflects a flexible tradeoff between total system throughput and fairness. The power is distributed through the control module and the scheduling module. The simulations show the performance of the algorithm.
nearby the cell base station, this is the so-called corner effect. In addition, because the antenna channels used by all users are the same frequency band and the same time slot, and users distinguish themselves by different address codes, in another word, the cross-correlation makes the users separate. However, the actual use of the spreading code doesn't have an ideal inter-related characteristic, the ideal of separation between users can not be achieved, then inevitably there is interference called multipleaccess interference. When the transmit power of the base station is constrained and optimized by power control, the terminal signals of all users reach the receiver have the same power, which can overcome corner effect, compensate for the decline and improve system capacity. Thus, on the downlink of WCDMA, the power control technology in the radio resource management is considered the core of all the key technologies.
The power control on the downlink is known as forward link power control, downlink power control is used to control the base station transmit power so that all the mobile stations receive the same power or SIR. Downlink power control can make the average transmit power of the base station minimum, which can not only reduce the adjacent cell interference, but also overcome the corner effect, so that the system capacity enlarges.
Downlink power control mainly depends on outer power control to complete. Outer loop power control is intended to provide the required target quality, which is needed neither too good nor too bad, because a good quality of service would be a waste of capacity.
In the outer loop power control, after the signal from the RNC macro diversity reception, the quality requirement of the received signal is compared with the pre-set signal quality. If the received signal quality is better than the required signal quality, the target signal to interference ratio is needed to reduce. Or the target signal to interference ratio is needed to increase. In order to ensure the quality of signal which is controlled by receiver in the outer loop power control, target signal to interference ratio of mobile users with different speeds is needed to be different, for example, target signal to interference ratio of the high-speed users is required higher than that of the low-speed users. In the condition of the multi-service complex for a physical link, the target signal to interference ratio is chosen the maximum signal to interference ratio according to the operational service. When the transmission power reaches the limitation in the outer power control, if you continue to adjust the target signal to interference ratio, there is no benefit for improving the performance. On the contrary, it may reduce system performance. To avoid this situation, the scope of the target signal to interference ratio is controlled by the outer power control. Figure 1 show as the outer loop power control.
Meanwhile, the downlink closed-loop power control adjusts the transmission power of the network in order to achieve the SIR of the received signal above the SIRtarget. For a mobile station, every cycle of a time slot is 0.625ms. TPC command is generated according to the following rules: When the SIR is above SIRtarget in the comparator, TPC=1. Similarly, when the SIR is below SIRtarget, TPC=0. The base station receives TPC command, and then adjusts its downlink power control, if TPC=1, the downlink power is increased; if TPC=0, the downlink power is decreased.
Downlink control shown as Figure 2 .
The user demand for high-speed data services is increasing when the wireless network resources are limited. So the conflict makes the power control become one of the most important core technologies. The capacity of downlink is becoming the system bottleneck, and the requirement of downlink power control is particularly important. In WCDMA system, a user can have a variety of services; different services are needed different transmission rates and different qualities of service. Therefore, reasonable and effective power distribution and control would make the whole communication system capacity and communication quality optimized. Two kinds of power control methods are introduced as follows. The distribution of traditional resource needs a compromise provided that the user's QoS is guaranteed, the system capacity is improved and the power consumption is reduced. But in the real system, the user's satisfaction with quality of service should be as an important basis on assessing system performance. To the end, the resource allocation algorithm based on the utility function appears. In fact, the power control technology based on the utility function, which is a question about solving a non-cooperative K person's game, defines a utility function U i (p i ,SIR i ) for each user, where p i is the i th user's transmission power, it reflects the user's preference for saving power. In the actual system, the utility function is the important basis on the user's satisfaction with the quality of service and it is used to evaluate the performance of the system. SIR i is the i th user's signal to interference ratio; it reflects the user's choice for QoS. Accurately, the question of power control based on utility function is to find the optimal transmit power pi for each user in order to maximize the total utility. The basic principle of the algorithm is to find a balance between the resource allocation and the user fairness by controlling the user's occupancy of resource. This is a typical distributed resource allocation algorithm. Literature [21] gives its solution. However, the above method also has its limitations; it only considers the maximization problem of a single user's utility and doesn't take into account the overall effectiveness of the entire network. The basic principle of the power control technology with the base station assignment is as follows.
In the beginning of each iteration, the user receives all base stations broadcast interference level focused by softswitching, and then separately calculates the transmit power of each connected base station, at the same time selects the base station with the smallest power to launch. Each base station in the soft-switching diversity demodulates the user's signal and sends it to the switching center to update, and then the switch target makes the base station assignment decision according to the frame error rate (FER). Therefore, the base station assigned decision is not made by the mobile station itself. This algorithm has the advantage of reducing the total transmit power of all users in a cell. But it also has obvious disadvantages: Firstly, a lot of information is needed to send in the network when the base station determines the minimum transmit power and chooses the base station. Secondly, all base stations need a great deal of the capacity to store the other base station's broadcast information in the system. In addition, the calculation requirement for the mobile station is also high, because it needs to calculate periodically the transmit power of the local base station and all of its neighboring base stations in order to choose the smallest one. This paper will combine the based utility function of power control technology and the based station assignment power control technology. Voice services for the system can be met the requirements only by using power control. But for data services, the data rate may have a sudden changing characteristic. So the inappropriate allocation of rate may lead to the waste of the resources and the decline of the wireless quality of service. This article combines the based utility function of power control technology and the based station's assigned power control technology. In this paper, we study a rate assignment on the downlink for WCDMA data users. The algorithm maps the QoS of the data users into a family utility function which is reflected the total throughput and the fairness, delay (finite retransmission times), error rate and the total system transmission power are as the constraint conditions. And the total effectiveness of all users is as the goal, we gain the user's SIR targets and data rates The algorithm has a hierarchical structure, in which data-rate of mobile station is adjusted according to the feedback from the base station, and SIR target is adjusted by the mobile station according to their local information.
II. RADIO RESOURCE MANAGEMENT
In order to meet the connectivity needs of mobile users and enhance the capacity of wireless mobile networks, how fully to make use of radio resource management is an important element. The goal of the radio resource management is that in the condition of the limited bandwidth, the wireless user terminals can be provided the quality of service in the network. The basic starting point is that the channel characteristics are the ups and downs due to the fading and the interference of the channels provided that the distribution of telephone traffic is uneven in the network, the utilization of wireless spectrum can be maximized by flexibly allocating and dynamically adjusting the wireless transmission and the available network resources to prevent network congestion and maintain the signaling load as small as possible. Radio resource management research mainly includes the following components: power control, channel allocation, switching technology, scheduling technology, call admission control, and the end to end QoS guarantee.
A. Power control
In the mobile communication system, there will be a "near-far effect" when the strong signal keeps down the weak signal. The channel capacity of the system is limited by the frequency interference from the other systems or the other users' interference in the system. The channel capacity can be enhanced and the battery standby time of the user terminal can be increased by using the power control technology to decrease the launched signal power without affecting the communication quality. The traditional power control technology is based on the voice service; the research in this area has been considerable, mainly related to the centralized power control and distributed power control, the open loop power control and the closed loop power control, the power control based on constant reception and the one based on quality. At present, the study of the power control is focused on the data service and the multimedia service. In most cases, the two businesses coexist, and we study the situation by integrating the power control and the rate control. The objectives of the power control and the rate control are basically a conflict. The goal of the power control is to enable more users to share common services, and the rate control is to increase the system throughput as the goal so that some individual user or business has a higher transfer rate. How to meet the QoS requirements and the transfer rates among different users and how to reach the two objectives between the fairness and the high throughput are to be resolved
B. Channel allocation
In the wireless cellular mobile communication system, channel allocation technique mainly includes three categories: fixed channel allocation, dynamic channel allocation and random channel allocation.
The advantage of the fixed channel allocation lies in the easy channel management, and the channel interference is easy to control; the drawback is that the use of the channel can not be optimized, the spectrum channel is inefficient, and the traffic among the access systems can not be controlled identically, which will causes a waste of spectrum.
Dynamic channel allocation based on different criteria can be divided into different allocation algorithms. Dynamic channel allocation algorithm is usually divided into two categories: the centralized dynamic channel allocation and the distributed dynamic channel allocation. The centralized dynamic channel allocation generally lies in the radio network controller of the senior wireless network in the mobile communication network; the radio network controller is used to collect channel allocation information between the base station and the mobile station. The channel resource distribution in the distributed dynamic channel allocation is decided by the local information, so the controlling complexity of the radio network controller can greatly be reduced, the algorithm needs to have a good understanding of the system state. According to the different characteristics of the dynamic channel allocation, the dynamic channel allocation algorithm can be divided into the following three kinds: flow adaptive channel allocation, subdivision channel allocation, and the channel allocation based on interference algorithm.
Random channel allocation is defined as the channel where the call can be random changed in order to reduce the poor channel environment in the static channel. So the interference of the channel can be independently considered. In order to obtain the required QoS gotten by the error correction coding and the interleaving techniques, we need to constantly change the channel to obtain high enough signal to noise ratio.
C. Switching technology
Switching technology is that during a call the user terminal moves from the coverage area of one base station to the one of another base station or from the service area of a mobile switching center to the one of another mobile switching center, in order to maintain the mobile user uninterrupted call.
Effective switching algorithm can improve the capacity of cellular mobile communication system and QoS. Switching technology is generally divided into hard switching, soft switching, softer switching, the switching between different frequencies and the switching between different systems. Switching technology is mainly based on some references such as the good or bad signal quality of the network information, the user's mobile speed to determine whether to implement the switching operation. About the mobile communication systems in future, There are two possible switching strategies: One is the wireless switching strategy by using the transmit diversity technique of the base station selectivity. In this strategy, only one user is serviced by multiple base stations together, but at a certain moment, there is only one transmit signal from a base station. The advantage of this strategy lies in the less interference among the base stations, and the disadvantage is that a higher transmit power of the base station is needed, the coverage performance of the system is less than that of the system where the switching mode is made when the multiple base stations launch the transmit power at the same time, meanwhile, the multiple terminals receive the power simultaneously. Another approach is the wireless switching strategy of the space-time transmit diversity based on the multi-base stations launching the transmit power. All the base stations transmit the signals to one user, and the user terminal connects the signal from the new accessed base station. In this approach, the related base stations need to work simultaneously, and the diversity gain can be obtained. However, the multiple base stations simultaneously transmit signals, which the overall system performance is improved, in the end; the capacity of the system is reduced.
D. Scheduling technology
One of the main features of future mobile communication system is that there are a large number of the non-real-time packet data services. Different users have different transfer rates, the sum of all users' rates within a base station is more than the channel capacity of the transmit frequency band owned by the base station. So there must be a scheduler in the base station to judge the type of the business according to the QoS requirements of the users so that it can allocate the channel resources to different users.
Recently the scheduling technology is used to combine with other technologies, such as the integration between the scheduling and the power control technology, the integration between the scheduling technology and the soft switch technology, the integration between the softswitch technology and the call admission control, in addition, the scheduling technology is extended to the real-time data service, and a new application is also presented.
E. Call admission control
The call admission control based on the voice decides whether to accept the new user calls, which are a very simple question, when the base station has available resources, the requirements of users can be met. In the CDMA network, according to the concept of soft capacity, the appearance of each new call will increase the interference level from other existing calls; at last, it affects the overall system capacity and the call quality. Therefore, a suitable method of controlling the call that accesses to the network becomes more important. Thirdgeneration and future mobile communication system require supporting low-speed voice, video and other highspeed data and multimedia services. Therefore, call admission control also becomes more complex.
In the future mobile communication system, call admission control requirements are as follows. In the decision process, the network planning and interference measurement threshold can be used; any new connection should not affect the coverage and the quality of the existing connections during the connection period. In the decision process, the network planning and interference measurement threshold can be used; any new connection should not affect the coverage and the quality of the existing connections during the connection period. When a new connection arises, the call admission estimates the load increase on the uplink and the downlink by using the load information from the load control and the power control, The change of the load depends on the parameters such as the flow and the quality, if it is more than the threshold of the uplink or downlink, it does not be allowed to access to the new call. Call admission control algorithm has given the transmission bit rate, the processing gain, the wireless link quality parameter, the bit error rate, the signal to noise ratio and the signal to interference ratio.
With the support of the future mobile communication systems for data images, video and other multimedia services, their business transmission rates are increasingly high, which requires the study of a new call admission control algorithm for the high-speed mobile communication system. In addition, when the call admission control is considered in the mobile communication system, the congestion control is often as an aspect to be considered, so the study is usually the combination between the call admission control and the congestion control.
F. QoS guarantee from end to end
The service provided by traditional internet network is the "best effort" service, the QoS guarantee from end to end is achieved through the transmission control protocol layer. Although the transmission control protocol layer cans guarantee a certain QoS, for example, it can reduce the packet loss rate. But it still can not meet the service transmit requirements of the QoS from end to end, and the services usually contain the high real-time images, video and other multimedia services. So a new question on how to provide a reliable the QoS from end to end for the future high-speed multimedia service in the internet rises. The requirements of next-generation high-speed wireless, mobile network is that it not only needs to be accessed to the internet, but also needs to support a variety of multimedia applications; meanwhile, the QoS needs to be guaranteed. However, as the terminal mobility and the unreliability of wireless channels, the QoS guarantee of wireless network is more complex than that of wired network.
In the wireless network, the traditional flow control doesn't be used to provide the QoS guarantee, because the packet loss during the transmission of the wireless channel may be as the network congestion to deal with. Network assigns different channel resources based on different types of QoS.
The performance characteristics of the soft capacity in WCDMA system is the flexible relationship among the capacity residential users, service levels, the load of adjacent cell load and the cell coverage. As the CDMA system, communication quality and communication capacity are mainly limited by the value of the interference power, so any reduction in interference can be directly translated into the increase of system capacity. In another word, in the WCDMA system, the increase in the number of users the system is equivalent to an increase in background noise, which can only make a slight decrease communication quality and not cause traffic congestion, the operator may consider a compromise between capacity and the quality of consideration. On the network layer, the communication capacity in WCDMA system is usually defined as the maximum number of users which access to the system provided that the quality of service is guaranteed. As the cell load not only determines cell capacity, but also has an impact on cell coverage, especially multimedia services can be provided in 3G system, the quality for each service is different. So the radio resource management should find the best spot among capacity, coverage and service quality in WCDMA.
In the mobile communication systems, the number of mobile users as well as the needs of different quality types of service affects the use of radio resource allocation. Therefore, for the data transmission with a variety of service type, we must ensure that each type of service is to maintain their respective allocation bandwidth. When the load is loose in the system, the wireless resources can be accepted based on the individual needs of mobile users in order to fully enhance the utilization, but when the system is in the congested condition, we should avoid that resource is focused too much on certain users, so that the other users can not access to the wireless mobile networks. Therefore, radio resource management algorithms need to ensure each QoS of different service categories in order to improve the system capacity and maintain the area scope covered by the local base station. For the radio resource management, how to prevent system overload and maintain the system stability is an important goal, provided that the system has the improved resource allocation rules and power control, you can in the limited bandwidth resources to maximize the wireless transmission. Effective power control can make the number of mobile stations increase, when the load closes to saturation, the algorithm is provided to maximum the capacity of the system in order to transmit various types of service rationally and effectively by different transmission rate.
WCDMA system has multiple service function such as the transmission of voice, data, and image and multimedia, which is a self-interference system. The system can achieve the maximum capacity in the condition of meeting the quality of service by controlling the user's transmission power. The power control technology can be classified as the forward link power control technology and the reverse link power control technology. The forward link power control is that each user send the carrier to interference ratio to the base station in order that each user receives the signal which reaches the maximum provided that it meets the performance, meanwhile, the interference from adjacent base stations to the user is reduced. The reverse link power control is essentially the application of the power control on the downlink. By adjusting the user's transmission signal power, the base station receives each user's signal power, which needs to be guaranteed the same. The transmission power of the base station is limited on the downlink, so the power control on the downlink needs to be considered that whether the sum of transmission power assigned for each connection services exceeds the total base station transmit power limit or not. Downlink capacity of WCDMA system is limited by the base station transmit power, when the sum of all users' power which is successful to launch to the local base station, is more than the limited power of the base station, or there is no spare part to assign to new users for the orthogonal variable spreading factor code, the downlink capacity reaches to the limitation. This paper assumes the transmission power of base station achieves maximum to make sure the utility function named by the quality of service objective is optimal.
The major factor of WCDMA network capacity affected is the interference in the actual system, and the interference is mainly generated from its own base station and adjacent base stations, WCDMA system distinguishes the different mobile users on the downlink by using orthogonal codes, when the base station signal is received by the receiver without multi-path interference, the orthogonality of the orthogonal code can be guaranteed that there is no inter-symbol interference. However, on the actual wireless link, multi-path interference of the wireless channel is inevitable. Multiple access interference signals are received at the receiver. On the downlink, the receivers of different positions can also suffer from different interferences among adjacent base stations.
Power distribution and the control of transmission rate are the foundation of effective radio resource management. Power control can overcome the near-far effect, and effectively reduce multiple access interference so as to enlarge the system capacity. Rate control can optimize the transmission of service and improve the system throughput. Joint optimization of the two kinds of technologies can further enhance the utilization of radio resource management. This paper proposed an effective and simple method, in which power control and rate assignment are connected for wireless resource management, at last, the system capacity is maximized on the downlink of WCDMA network.
III. SYSTEM MODEL
A cell is considered in WCDMA system, we assume that there are K users, they share the same frequency channel, and the receive power of each mobile station is defined as p i . A snapshot analysis method is used, in which the gains of all links are constant in the system during a very short period of time. Provided that every residential user link is named as g i . Then the SIR received is defined as
(1) I i is named as the other cell interference and thermal noise of the i th user. The load is estimated from the estimated of the base station transmit power on the downlink. The base station transmit power is shared by all the mobile stations in this cell; it can not only be used to measure the coverage of the base station, but also be used to measure the quality of network coverage. When the mobile station closes to the edge of the base station coverage, the path loss is more than the loss at the center of the cell, so the signal power from the base station received by the mobile station becomes smaller. At this point, the system uses fast power control on the downlink to assign the power and reduce inter-cell interference, which can ensure the quality of the user's communication and make the downlink capacity maximum. At last, the base station uses the minimum power to reach the required reception quality.
The transmission rate of the mobile station i is set as R i by changing the processing gain, then the ratio between every bit of energy and the interference power spectral is as follows
W is spread-spectrum bandwidth. The data rate of mobile station has a relationship with a number of factors, such as the user mobile performance. But the main indicator of effective data rate is still SIR.
Provided that no matter how the data rate is changed, the receiver BER is unchanged, and r i =r i /(1+r i ) then we can obtain K equations. (4) When the rate achieve the best circumstances, we assume that the total power reach the maximum power
So the receive power is defined as
Defining α=(C+I i /g i )/W, we gain Figure 3 shows as that user are assigned based on the current channel conditions and control parameters (E b /I o ) in the scheduling module.
The distribution is according to the total power maximum of the system, that is max ) / (
However, this allocation strategy will lead to an unfair distribution of resources. The role of the control module is to address fairness. Users achieve the specified SIR according to the data service in the control module. and multimedia data services, and require different QoS values. Not only for voice services and IP transmission, but also video streaming, frame error rate is a very important parameter.
In the downlink of WCDMA system, each mobile station chooses their SIR targets, SIR target is determined according to the partial information given by each mobile station. We assume that the partial information is in the form of the downlink BER, and the BER is the objective function of SIR (f i (r i )), f i (·) is an analytic, monotonically increasing convex function.
Provided those frame and data segments are in step on the physical layer of all data users. In a data segment, the data rate is unchanged. The maximum number of times of sending an error frame is M. The mobile station set the target SIR to r i,1 when a data frame initially launches from a user. When the received data frame is wrong, the mobile station informs the base station to retransmit the frame. the data frame of the j th transmission is set to r i,j , then r i ={r i,1 ,r i,2 ,…,r i,M } can be defined as all SIR targets used in the data segment.
( 
Where
In the scheduling module, expect that the load is in sufficient; the system total power should be subject to restriction of the limit C. The speed vector is defined as
obtains maximum.
IV. SIMULATION RESULTS AND NUMERICAL ANALYSIS
The approximation of BER function f i ( ) is as follows
f i reflects the fading margin of the differences among the different channels, and is expressed as f i =β i f 0 r i (13) f 0 is the constant; β i is a parameter reflected in the efficiency of power control. For the perfect power control, β i =1. In the simulation, provided that there are 6 users, their β i is valued 0.2, 0.3, …, 0.7; f 0 =7.5; the range of SIR is set to r min =3dB, r max =19dB; power limit C is defined as 8W; the link gains of each user are -35dB, -31dB, -28dB, -25dB, -21dB, -20dB, and the interference levers are -13dB, -16dB, -19dB, -22dB, -25 dB, -28dB, the channel condition of the sixth user is the best, while the channel condition of the first user is the worst. Spread-spectrum bandwidth W=3.84MHz; the transmission rate of each data user is set to R min =38.4kbit/s, R max =384kbit/s; the BER maximum number of retransmissions is set to M=3, PRER should be less than 5×10 -6 . The utility function expression in the simulation is used as
U(R i )=R i /R max -(R i /R max )
x (14) Selecting x≤0 can guarantee the utility function as a convex function. The system can get a good compromise between throughput and fairness by dynamic adjustment of x in the utility function. Figure 5 shows the utility function curves when the parameter x is named different values.
The SIR calculated by mobile station is assigned the result as shown in Table 1, and Table 2 shows the assignment result of data rate is given by the base station when x is named different values. As can be seen, the smaller x is valued, the better the fairness among users is, but at the same time, the performance of the system throughout gets worse when x is smaller. Figure 6 and figure 7 show the normalized sum of data rate and standard deviation. 
V. CONCLUSION
In this paper, we firstly analyze the key technologies of the radio resource management in the future mobile communication systems, and then propose a rate assignment algorithm on the downlink of WCDMA. The algorithm assigns the power by the control module and the scheduling module. The simulation results show that by selecting the appropriate utility function, the algorithm maximizes the system capacity based on the fairness among users, and confirms its goodness.
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